This suggests that our proposed evaluation tool may help to optimize the parameters of the detector without physical experiments.
to simulate the spatial resolution of scintillation camera using GEANT [2] [3] [4] and S[M[ND [5] .
Our study uses the MCNP code to do the simulation of sctintillation camera. This study is extension works that have been published in [6] [7] [8] [9] [10] [11] . Previously, simulations have been done to determine the spatial resolution when a point source locates at various distances above the wire mesh collimator's top surface. In this work, we concern on the interaction of photons in the detector to simulate the intrinsic resolution of scintillaion camera. Because MCNP do not simulate optical dispersion of scintillation lights directly and position information given by PMTs signals, a model is needed to set up for intrinsic resolution of scintillation camera.
II. METHODOLOGY
In this paper, the scintillation camera is simulated by using the MCNP Code version MCNP5.
A. Geometrical structure of scintillation camera
In the matter of the MCNP code, the geometric of scintillation camera can be defined and Toshiba GCA -7100A was used as a reference for the simulation model. As shown in The PTRAC file linked with tally F8 is generated by MCNP [12] .
For each photon history, we use the following equation to calculate the actual position where the photons interact with the scintillation crystal: Xi = C2:,7:1 Xij * Eij) /2:,7':: 1 Eij (I-I) 1'; = (2:,7':: 1Yij * Eij)/2:,7:1 Eij
Where mi is total number of event occurred in the detector for the ith photon history. (Xi j , Yi j )and Ei j are the coordinates and deposited energy for thejth event of the ith photon history.
A realistic relationship between the energy deposited in the detector and the FWHM of the response is used to determine the realistic energy blurring function given by Beattie [13] FWHM = k1 * E 1 -k z Due to light sharing in the PMTs, the generated image for a realistic scintillation camera is distorted. Therefore, position
blurring is applied to model this phenomenon in order that the true locations are spread into a 20 Gaussian distribution.
Lastly, the positions of the photons which lie within 20% energy window are determined and formed into an 8-bit gray scale image. Table 1 
C. Determination of intrinsic resolution
The methodology of determining the intrinsic resolution mainly follows the work by Saad et al. [11] . The full-width at half-maximum (FWHM) was used to determine the resolution.
We plot an image line profile across the maximum number of photons captured in the generated image and the resulting distribution is fitted with Gaussian function to measure the FWHM of the PSF. The Gaussian fit function is based on the following equation:
Where a, b and c are the coefficients, a is denoted as the amplitude, b is the centre and c is the spreads of the blob. The parameter c is related to the FWHM of the peak according to:
To fit the data with 99% confident interval, the non-linear least square technique is utilized. Root mean square error ,-----,-
We use the same method to fit the energy spectra with 
NO
Gaussian function to determine the FWHM of the energy spectrum (FWHME). The energy resolution of the simulated camera can be calculated by using the following equation:
Where Eo is the energy at the Gaussian peak.
III. RESULT AND DISCUSSION Fig. 3 shows the energy spectrum of the scintillation camera after blurring. The energy resolutions that determined from the spectra of the simulation were 11.3%, which IS within the acceptable limits of 10-20% for a Nal detector. 
